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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
correcting a refractive index for improving a device 
characteristic by accurately correcting the refractive 
index of the core part of an optical waveguide device, 
and also for manufacturing an optical waveguide device 
with long term reliability. 

SOLUTION: This is a method for correcting a refractive 
index of an optical waveguide, and ultra-short laser light 
3, to be oscillated from Ti: sapphire laser, of a 150 
femto-second pulse width, 0.7 i J pulse energy, a 200 
kHz pulse repetition frequency, and a 800 nm wavelength 
is converged into a 5.5 i m width about the same as a 
core width of an optical waveguide using an object lens 4 
with a 20x magnification, and the core of a geometric 
length of AL is scanned with the beam along the core 
with a speed of 0.1 mm/s. As a result of the scanning 
with the laser light by 1 mm, Ae has changed by 16.7 nm. 
Moreover, it has been found out that 2 mm scanning 
results in 32.4 nm change, and thereafter, Ae changes by 

16.7 nm per 1 mm increase in the scanning length, and An has changed by 0.0016 in both of TE 
and TM modes. 



5: 'E'SHiflKWJ*. 




LEGAL STATUS 

[Date of request for examination] 21 .02.2001 

[Date of sending the examiner s decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 



http://www1 9.ipdl jpo.go.jp/PA1 /result/detail/main/wAAAUTaiMkDA41 331 1 847P1 .h... 03/1 2/22 




(19) 0*B#fffr ( J P) 



(12) 



(A) (ll)<HfflFti}R4&M#5- 

#^2001-311847 

(P2001-31 1847A) 
(43)^R]0 spjS:i3^11fl 9 0 (2001.11.9) 



(51) Int. CI. 7 

G02B 6/13 
5/18 



F I 
G02B 



5/18 
6/12 



S^IS* * l«*^^^26 OL (£16J0 



(2i)ttjg§#-?§- 


4^2001-45121 (P2001-45121) 


(71) an A 


000004237 














(22) me 0 


¥/&13^ 2M21B (2001. 2. 21) 




«MltE2lT I7flf 








<72)36W* 






(3l)®$fe1t3E3S#^- 


#fg2000 -44298 ( P 2000-44298) 




m^fP^E^iT g7#l^ 




(32)®&0 


Spj£l2*£ 2 M 22 0 (2000. 2. 22) 








(33)S$fetl±3Sll 


0* ( J P) 


(72)^BJ# 


mm * 




























(74)ft3A 


100096231 















(54) iftw<o&m mmm<DWttm. mvx*<o&i£mts xw3tw«BS^<-f ^ 



(57) [SM] 3 " «B»/<i^U-1f« 

[sua] %mm&7'<<< TMftnmffimzMm 

— 0 . 7/i J s «9 5g US&» 2 0 0 kHz, ffi 
S8 0 0nm«/N/Ml/"f)t3^, 2 0f§CO*f^ 

0. lmm/st'SIlito ^~ ifftS: 1 mm^SLt 
A Alii 6. 7nmttl7c 0 2 mmfe& 

L^»-&«13 2. 4nm, «|* % jfeSEffilBdU mm**. 
Z>t % AAIil6. 7nm^kLTt^, AnliTE^e 

— h\ TM^-KHO. 00 16ttLtl^Ci^ 




( 2 ) 

1 

[4#lfif*w8iia] 

[if ** 1 1 jtawsK^'-w x<D®mmzfeiE-t-2>Jj 

3 0 t^^UiTW^^^tS^^o^M/^ux u— IfftSr 

[if** 2 ] nRfH*«««a^</ux u— ?%<Dyti-<Dx. 

tfv*^ K^f -v y?zr-%-i\s*c—<r> \/2£<0 "MS^C: £ £ 10 

£«7fcU ^77 K©ffl#<OJB$r*«raMfcS-t*:Si £M 
*a r. £ £ i-55t** i izmi&<D®mm<nmiEJj 
[if** 4 ] mffim&&jE-r2>tc)t>cDmia.'<ji'X \s— 

= TgB^ja*f^i*lw^k$-er5^ £ £#'#£-*-£» 

** i izfzmnmmmomiEjjm. 

[if** 5 J «*/</u;*U~ !F3fc£3fcigifiS&<E> = TgB 

t, ®mm*®iEi-zz. tsr#mt-r^if**i kie# 

[if** 6] <0S#**ll£IE1-3=iT 
£-£•5 z £ ZW®. t if ** l \zm®.<D®ffim<n®jE 

[if** 7 j mms</u* u— ryt&m&ti'tcMft&iai 
&mt-t% zt\z£<o ®mm*±\f 5 c t z&mt-tz 

If** 1 tr|B«cCO®Sf*<O^IE*ffi 0 
[If** 8] u— **#£HBatLfcg|S#4r{g; 

Tif 5 r £ zw&k-tzm ** i \^mm<r>mtRm(DmiE 

[If** 9] JB#f***IEUfc«^, ftWiKB^/W 
^ ^^MSi-S C £ ^r1#m<!:i--5lf ** 1 tclE^wffitff 

[if**ioj =>T$f,ft<o®ffim<vmtfcma-tZ'< 

9-®!£cD u— !f 3t SrBBfiti-4 C £ £ i"3lf ** 

[|f**ll] u— !fBH*tS:UT3rSB»wffi*f*«r 

mt^i tmm^mmLtzu— v%\z£ <o =>rgi5#£ so 



&ffl 2001-31 1847 

2 

£ -r a if ** i i3fe®wffit>f m^miE 

[lf**12] u— !f3tSrfia*t-*-53t*«!S^<W^ 

o-C*ffi^r77-y hCLT«»f)l/- ^*7tSrB8*t-r5 - £ 
£4fi££1-5!f** 1 KE*05JB#f*«>ilEjE*jfe. 

[if**i3j 3feg«ftis^M^«>a*T*w*iESga 

if**ia>bi 2 <n ? hw^tifi* imiz%zm<D®ffim 
zmm&ft-tz z £ sr#^£-r53t«&^7 f ^^ ^wffi 

[If**14] -JB»f*Sr*jEi-5**«IS^<>f 

fjffiSf^^E-rsfcfewsM^^^ rat**** 

?g-r^ ^ro=>rgB^fwRgSt-t-5«IE£ . 

- hv< 'y?-tZ>mmt*1ffZ> Z £ sr#m£-r^>if ** 

[lfl**15] If** 1 7^ 1 2<Z> V^-f 4X^1 

[if**16] 3t*«8S^<-f ^©ar*JJ:V^9y 
9,':©7^ ^.W^rSB^WSSr^^if** 1 1 

2 w o *>cov ^^1/4^ i m\z*zifc<n®ffim(omjEjjmz <t 

otKLfc: £ S:#ta£-r-57t«JK?S^<'l' ^„ 
[If**l7] ->!layiifi±K«R*lifc)|*io 

ixT*5 9. ^W3t^KW3TgB$><o®^Srif**l 
^. 

[If** 18] 2^jK7)7t«K2S^ : ti-57t©KSS 

#»«»<OMMaS3OnmETF-C*>0. 2*W±W?t^ 
a6f§W=>TgB^«OffitfT^5rif** 1 A^b 1 2W9*>W^ 
-mxi^ 1 *i;fE«roffi*T^W<giE*&fwJ:o-C^iEUni 
C £ «:««£ i-SJt^iSK^W ^-o 



( 3 ) 

3 

3tej»S3Mfi-*-5=»T»#fcGeO, S:^A/-e*sP>-r, CIO 

=>7&ft(omffim$:m#m 1 a»e> 1 2<73 9*><^-r;h,7)> 

S^iSlSx^W^o 10 
[if^2i] ^iWttK^W^izdsv^T. 

3 T t» «r e as L T V * 5 3ft fc f£ ft <D Jj |6] I r @ iff * * 5 fc * 

co^u— ^-o^sr, i *»t> i 2 w 5 *>wv^-rn 

fig Lfc r. t friftflK t ***K^<>r 

^-C-BW^^^t^-fr-Cf-^^^iS^^^b/cii 20 
[§«#3[ 2 3 ] 3t*St^S<0^(6]tt«g^^*i-5.^ 

ft #3t* s e«rt-* w»b t *jfi(sa*i6ittie'&»«)** 

1 ^E««>ffl«r*OiaEiE*te-eaE'fb$*5 - 

[»*92 4] n^i commm<D^iE^m\zxr>x 30 

(d LT u vXroS 1 ^r^fciirT, fiBSt bfc iJ-*3t« s «) 

or, 

WU&7'<4 *o 

[3§Wro§*Sffl&Si91] 

[0001] 50 



2001-31 1847 

4 

mm-t5>jj&. tofemmmt. tnjjmx-mmm&m 

£4±T, 7'<J x¥rtt<Dl£]Et3±Uffl&*?f i Z. k*m 
[0 0 0 2] 

T #*»EI&0>»g\ =*Tk*?yWD 

m%-<nm$TmfrM«k\zmk l. -o * 5 * w * 7 1 :/ 

[ 0 O O 3 J ft**?)*;*? 1 y ^S!«>**«»«)f^ft*tt 
t Ltli. vyAiW^y^SSltGeO, ^Sr K— 

GeOt k— T'jg&y yv?ii rw±irss->y* 

Ge0 8 *#tf>>y ^CDTy^;*-^/! U !)y^77 

[0004] 3fi^, mft*wn*mi<^ti#}) -^-^(o% 
x. #7xm<Dftmm&kmm<D7'n±?.iz£i9¥-ffim 

<r>ftm®Ll&1>mi$L&tlX\^ iMZ-tf&MW-l 0-2 6 
8 1 5 2 o ^^^Jw-f^-V^te^S-fr. 

<^5„ 7t7T-l'^<-^-&l4. aTW^sflcGeOi *5 K 
— yztitzi'V ioiiy^. V 7 v KI4-> 'J ti 13 7 *<r> t 
<Ot)^ — jKWJrttffl^ixTV^. y7^=f-y^(0 
m&m*mt$-tkZZ.kX' = 7$:Bl$.Lti, 7-77.^7 

7 7 7 4 V<-fcf1=Sii**VCI^3. 

[0 0 0 5] «rbv»i»ttlSrojKj«*fei: Lt. # 

7^S«"f»rf-^^<l7-^ 1 0W/c m l KA_h, ^0 

jsuh««i o kH zzx±x\ mm~MLxmwte&& 

f— A 7); jft3t $ tvfc&B^ ©ffiffif Srig^l^ m t $ -fr . 

#7 7&mftmzmmftm-&&zmi$.xz z> z. k t>m& 

(#1¥0 9-3 1 1 2 3 7^f8) . 



( 4 ) 

5 

[0006] w±i;ia^;rc<fc5#ft»ra£?s. %?7<<'< 
[ooo7] ^rt\ e^t-r^^&ifSx/M^rott 

12000-1 6 24 5 3%"&®.) „ r (O^ffi T-ffitff^ 
** ! P\z.m\Ltf>i'-*~'}-k (GeOt ) iiK- 7°$ix-CV> 
^">-^MiSi--5G eE'-fe->-^-(D^, £fcl4G eKBS 20 

9 9 9?, 1 1 4 0~1 1 4 3-<— 5?) . 
[00 0 8] 

£-/8l^T, GeOt K— -7<Di/D Ztfyxytm-I&l&nm 

Sr^-T-Sr fC**)5, #J;if4\ BittS^ro^ftSS^l — 
■fX'ibZA r F^=*>-^U— IfSrfflV^T'b. JB#f*£- 30 
O. 0 0 l^Mk^ii:-5^«)»^2 0^«fLTL 
*9rtr*fc.5o SfS2wp B m6fci\ S^fffl^U— 

ft^-C-t>e*f^SrO. 0 0lSSU>fftS-fr5C 

[0009] i3 oFpms.ii. ®ffim<omt(Dmt^ft 

^^^T'^Cfcm^^G elr^i$i-2)^P(Sl3 h7'>7 40 

t\ m4roPum.Sl4. fitfr^£^fc£-tt5*Li6KI4» # 
7X|;GeO, & h'—7 F irZ ) zbt>^~z]lKteztX'&> 
5„ *:<ntztb. GeO, £^$/£^#7*-Cf££!Lfcft 



mffli 2001-31 1847 
6 

S^^BJ $ ttT V »ft A^o Tz 0 
[0 0 10] £5<BfB)Hi&tt. f%m.\^=-*is 

zmt£-&tzi,^mm&<D=iT&ft<oi®X'hz> 5~i o tf 

»£i£?S7^<-Y;*w&jfc&MPij» s 3 o /i m«t 9 t>m^m& 
[ooi i] JHeelMj&tt, ^*v-^ u— ifSr^Jt 

ifjtaiir LTI4N d : YAGl'-t'roB4 
-TS 1 0 6 4 nmCO7feC0^4^p^T-fc-5 2 6 6 nm^ 
^Z-btlitf. 2 6 6 nmT*f4®t^££Mfc$-£3?t#> 

[0 0 12] SS7 0>|fflHjSM:, ^df-->-7W— tf&figjftL 
TGeOt £ K-^Lfc#7*<Z>B#T^«:g!fli;*i2r5B§l 

[0013] #3§9J!<Dg|$l±, 5t^Kx^<'f *<D=>T 

&ft<nmmm*fttit&X'&]EVX7 !> y<'{ **H4$TfiJt£ 

[0014] 

i±, ftm&®^'<* *<D®ffimzfeiE-tz,jj&x-ib-o 

X, 3 0 f;3#WTO/</u;*t>I£l$o|g$S'*/i'* u— if 

[0 0 15] «§3fc«)ftWe>KfiS:*lifc3ti»ifi!5^<-f ^ 
fc«>lc^^^-»iiilX^^ Jtw^^^u^— 14(4 



( 5 ) 

7 

TOi^, 9hk'<Dtfmz.)*\,^X. g^T-©^/^-^ 

^VSrl-ftS- tl4«i,\, u— tfjtw^^ 

# LfcgC^^^f^l^DB-T S ^ i trsf&t ft So 
[0 0 1 6] Sg(f«)*«*lw!Ri|3l$ixfc3t«3i*/i'*- 

aTttKSrfll^LTi^^, 10 
ftffc. *MBiS49W£C5. -t 

ar«K^siu, 

[OOlTlSft. !fift©'<!7— 

14, i — - Wfcfcjft&Lfcf tM»\z.*><9ltWtttMWi*> 20 

3i^/udfi— *s;g< 7i5 £ . *'i>gB#l43g?Ltft3. iSS 
afl2£*W5:t§£-©®*TS*M4T#9> ffi?L«>*S-M:i. 0 

[0018] Kiwi o t£Wm^ «t 9 , js^a^ *s«t 

LT^SSft* 9— fe *9 — * C ©H&tr J: 9 5 £ 

[0 0 1 91 3 0 tfnEATW^^^HSrl^oja^^yu^ 

i — ■ v T'*iiSEKf * <ommm & mt $ * *> fc * k 

RH4ti-5 u— tf-'ft©^^^— 14. ? 7 y KWfl^ffl u- 
-ifft©KiRSr6S<*7c«>. * 7 y W&WO K^rt y 40 
T'l^/^-i 9 t>/h$ <i-5^* 5 *j-5o LA'LU- 
•y-'3tW ^/i^— V K=¥ -V s/ -fx.**,*?— «fc 9 /h $ 
<Tt. ^A^-&#:^il5^<fc#ft^ii^dfeD. * 
B5^T7*U— ->3 yLtLS 1 tZX\ ft 

—O 1 / 3ft^-igg-e?i«tni4©l|Kl4^ 

[0 0 2 0] t«SI. gi/^Ml/-f4l3tLTf 



!j#Ba 2001-31 1847 
8 

[00 2 1] 30 fng.aT©x</ix7.ti5:^Oj@M^^ 
ifftSrG e O t K— :/#7*T-JFM£ftfc = Tgi5 
ftizmM-tZt. g>*/t*»&ltil<0$))mX'A r F-^K r Fx 
dfv"^U— if CO 1 9 3 nm. 2 4 8 n m©j£:ftCDft£rf$ 

[0 0 2 2] ^M^A-* "if W*&»4, ^•^ ■>-^ 
IfirliiSo-Cf— -k&ftft-rs:: 3 =T 

ffl^l-fto T u— !f tr -A 4r^-T S r ir ft WhS <k ft S 

T?*«IS«?3tlSft«)ilt*ftW»*^tt4:ft5. fiS 

[0 0 2 3] U-f3tl:5Sat^n 7 r 'f ^ ! #!7 

ittWHBirftS. *<ofiLib. m&ftfflffift 3 0 ^ mH 
i:ft-5o 

[0 0 2 4] *^B^-C-a*T^S:^ELfca5^tc:(4. igjS 

J:5iB»fs|8«fl:«)l5W±*<ft4. tLtWMft, 

t L < !4^?Llw J; 9 <^iE £ ^tz.WS\^(Om\Lti 
rttm&o t<r>tmb. ^I^T-^iELfcft^&BS^'l' 
^SrMimtf, ffJStt4-iS*S^i7)5pItgtft 

So 

[0025] rnvtm^JE-r^tztbcommi: vx&mx* 

©u— • y-'ftSr^*-C«<ft*^SB. *5=tVft*jSKx 

^®«rStti*{i. ^-f-'ftSrft^K«S^<^ ^© 

m^©3TgB^trfiP.W-rS-t^^IfiEi:ft5 0 ft 
^teSS^W^(-fc6^C*ft7T-Y/<-S:^L. ft 
S:e« $ -fr T -r -> W ^ «tt 5r * - * - L ft A? h ffi »t * © 



( 6 ) 

9 

[0 0 2 6] *&W^&%ft&&&7 f '<<<(X<DmVTm<D 

fc#>Kffli^S 3 0 e^KTO^/i^jfi^u— ifjfeS:* 

^ft^KKx'-W r tt^fcRBIt-f" * w <t 6 
3 RD«*rtfcB*3ft-C*30, if* 

[0027] 30 \?=i&siT<Dmm.s</i'X is—fft&m 

(S««^. t>U<W:3aaS:«fi6U-CSW**:tfjE-r 

t> b < ttW#^#*W»-e* s * y 6 Jx«. 

#7* (SiO t ) (Dt«ltl 5 0 0tt*fc5^ 
[0 0 2 8] *fc. *^*««*UTV^S#»^— «r» 

[0 0 2 9] '>y^-K^7r^^^7'g 

igffio^r&^tr^ Ka^BtFf^tffi^^^^ 40 

[0 0 3 0] «ffi'</^*^— iFSr/fl^T, = 
TtftcSTLSr^-rtttf. -toa^JSST^Ji l. 0t 



2001-31 1847 

10 

mmz-rzzth'zimxib*). ^mmt^m^mm-r 

[0 0 3 1 ] t>j3 = 7*<0>?=7V KS»w^4^'>y 

*^/7^i:G e £ K-:/bfc/iT*fc5¥ffiilM£SSK 2 0 
[0 0 3 2] 

<H*« 1 »** 1 o35ifc»ffi«:ftflcW 

^7yKti:GeO t :/LT«J*Lfc#*ft8»<B 

WfcSc =«rSB5><^JB*f*nttl. 4 7 4-efcSo 

[00 3 3] ^P8P*t*o-CV^5*»»C03T» 

t€ 1 5 0 7x A h$\ /^x^/U^O. 7m J, 

9 iS bjaSEfft 2 0 0 kHz, ^ 8 0 0 n m^£3 

U 3 7l^^o-CSflfSAL^l$^0. 1 mm/ s 

A i tf3tSr*3iEbTJaSf^S:raSb 

fefiSALJcto, a (i) -essns. 

An=- (m+1/2) AX/AL (1) 
5<Dmffc1&XmffiL>tio 

[0 0 3 4] IfJtSr 1 raraiSLfclBS, A X 1 
6. 7nmttlfc 0 ^/c, 2 mmML^Ii3 
2. 4nm, 1 mm*t^5 ^ , A 1 Ji 

16.7 nmttlt^#, 5£ (1) J: 0 A n I1T E^t 
— K, TM*-Ktt0. OOiefftLTl^^i^ 

it£ltxmcm&lt:&frfck^Z>* '<V-*0. 7-2 



( 7 ) 

11 

mmm<D&ik&&%\ itv^c^^ 

[0 0 3 5] />Vu*0|&9 5!U§ji£$:£:8 OMH zl:l 
T/^u^ J-^/u^-Sr 1 . 8 n J t U teli^J C3M*T* 

12nm/mmi:iof: 0 ^rCT% 8 0MHztv^ 
^^/U:?— £2. 5njl:lf:t:5, 1 6 n m/mm 

<t&«9. 2 o o kHzcomt^tmsmc&gkfimbft 

[0 0 3 6] ^IEL/c*T-£:.3 0 O^tcAOfS* U 24^ 10 

[0037] ^/c, iai^&&£/8^T±ie^iE 
effia*^n ^ 3 f C a * tm&D-f- 6 ^ $ titz 

£ SB^tt*«K<7> = T SB#rt: W"C*> *fo^ 0 fc. 
[0 0 3 8] <Jttfc«i >3aS0»l fcWCjHHIMSteJ: 

^/u^r-Sr0. 7/i J ^b^^l#^tt<!::5, 

5. 0/z J<DI$fc:*#bfc»#Mu BWW«Wti-*tt 30 

[0 0 3 9] <^JS0<j2>if*^2O|IJS^fl§^A^KJ 

^^fy^(Oy<^ K^r> y >^ 6 ^m^A-af— 7. 5 
5eVtfcof: 0 G e O t \?—7'<Di' 9 jjtf? X 

(D^<^ y?7\*7. 13eVT'fcof: 0 £fc, > 

JJ ##^*tt5 e VftifiK^fli&^V K8*S#*EU-Cl^ 40 

[0 0 4 0] -effll^fc^^U— 1f*^)jfi«l4 

8 0 0 nmt'fcl %=^<T>^^tV^— 1$ 1 . 55eVT' 

I w fx o tc /c It \^£.CZtitb* jfia* b fc/KG> tr 
- ASSK^««y£»t<o«W** ? «<t Ltc c 
[004 1] mfeW 1 K^T/fiWc^S^Vu;* 50 



4f Hfj 2001-31 1847 
12 

If**) 8 0 0 n m^60^~ S5B8S"C*>S 4 0 0 n m 

o. 7/i j t lt. nffiCTi tnc^-esintrH* 

fco EI 2 £9, 4 0 0 nm036W7^ hyx^/u^li 
3. lleVtfc^ SJtT-KJRT^^y K^rt y^t- 
81* U 2*^KiR^t>*»^>K8^»iR^4lS4C 

8 0 0 n mCDH§£ £ I3« 1f *0**jftiE« 

l-b^t4t^fc*, w<^ffl»«*t<oiBJf*^«ft:-rs 

[0 0 4 2] 4 0 0nm^)tm 8 0 0 nmO^^lt 

ffifetc 9 05^*142 4 n m/mm, Sff¥«ftAntt 
0.0024t49, 8 00nm(7)&&^l. 5fflF"C 
*>ofc 0 l 5 07xA h&W/<y^JtSr«4t5f 
^yy^ J r\^— J f\t. RfiS:7 0 0-1 0 00nmSt* 

^rsE-e«4-r*c:t^«B-e*)S. wO#oss2, »3 

ii5^i6i-<fc^, 2 3 3 — 5 00 nm(0)tS:)|5:^^ 
^/^l/2Tfe^), 3. 5 6 e vaT^x*^*- CO 

ftT-fcixKf. 2 KK^ 5 4 C 1 1 y ^ ^ 7 ^ co/^y 

[0 0 4 3] <WJ 2 >Xffi^l 1 t-ffll^c 8 0 0 nm 
-t<^»2iBBIft-CS>S4 0 0 
nm(D56a^fi:*j»»3t^#^-etTV\ SOOnmCO^ 
3 iSHSfi i: * 5 2 6 6 nm^#/c 0 ^C0Kfi(Dl 5 07 

0 . l u ] t Utc 0 ^:<o^ x H 2 51:2 6 6 

nmCO^tcOTt^^yW^— H4. 68eVtfo^ 2 3t 

[004 4] ^(Dfctb tf *tt**jRiSff«:»t-ett* 

i^/:^:^, i. o m j \^m\,tztz.^xm%n^ 

RtWttTlSofc, *fc, 4 00nm(7)i2il 
SSJKT'foS 2 0 0 nmT-f^CHgfc£i*^fc£ -^>, 1^2 
(C^i-J: 5il^x^^-|i6. 23eVt4!), 1 
^tT-r^Pfe/O K«^J:4K«. 2 3t^--Ctt^<> K¥+ 

5t* s KllXSttTL*^2 6 6 nmCOi^^PiCi^ 

[0 0 4 5] <H16OT3>l»*«3<D||lfe^ffiS:^W 
iriaS:ffll,^-CSftWi-So S 3 t:ti> l> ^7^/7^Sffi 1 <0 
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LfcaJS'^;* IF <o JtK 1 0 1 1 fc (wig 3 f^-To 
5 0«<O*r^UvXT^3tb^8 0 0 nm(7)KI^i 
u--y-*#; 1 l JwJ:5JB*r*o«EiE««tt=r»i)' 

[0046] f:t\ 1 0 Ofe<Dtt®\s>XXfk%\stz- 
8 0 0 nraOSgOgg/^ If 3t 1 2 T^IE Lfc 

9, «Sr*<a&teSA nttO. Oliftofc. HJfiCTl 

H£^»£K*fci: r*>, 3 5 5-1 0 0 0 nmOSg 

[0 0 4 7] <WI3 >Hi&0ij3 5 0 

^SrtTofd^^^). 19 0~3 5 5 nra(D|5Wgt 
tt, 2 6 6 nm^^ihl3CJ:9i-3t^*«-3t^KllX 

[0 0 4 8] <Hlfe«4>lll*«4<o||J6»1BSr^:*6ej 
^yK'Pfc, GeO t *K-/Lfc*»«BW3r2 
7«li7//mftX^5o SI*6#J 1 t m cmZfcffif&te 
T, 2 0{«^*t«JV>-X-e*3tLfc8 0 0 nmCDgtgCD 
TSB^^fflSr-g-tr^tl 5 Mm. «1 0 Mm^ffiRfrfg 40 

[0 04 9] <H*«5>UI**5W|Hfi»ffiS:, Jtr<£ 
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^I«6-e*>ofc 0 El Sir, SME«i^*«=^</u^^/u 
[0 0 5 0] *aEEl»^li-f-«^JBW*tti«*DL-CV^o 

^Ki#J 1 t »Jt 5 An ^SMt*l*3»fc0( 1 1 14* 

[0051] <mE0ii6 >a*«6oiate?gffiS:. ms: 
-r* i etDmrnrnz^-To ^7ym->y*^7^sfi 

K ^T^2liGeO t £ K— Xb/cv'y Ulfy^X 

#3l«BW:2 0/£mKIIH"C»*SnTV^ao **« 

i^tl 5 0 7x A hU?<7V<vu;*<g£J$o@^</u^ 
1f*3^j|RjSS:. fTi^^T{:Sotlram/s-ei 
mm<Dffi««r*aELfc. -tojg*. U-1f 
*l, 2JBBO=ir8B^<Da#f*W:«^t-fr"r. Sg3/I@ 

n fc. 

[0052] <mmm7 >m#m7 (Dmnmmz. 
m^^xmm^^o *im«4^*3v^-c, gi/^^u- tf 

yuSr»«»*-ea*U^i^*, *> y ##7Xtf* 3 %i« 
Jc:J:9JB«f*^seftb^:afe8jc«EK<o=ira^l 7 

"To 

[0 0 5 3] <H*«8 >H16«|1 

-f x<nmVim<Di£jE\z^ Ti : t7r^ftu- lf^63B 

— 2. 5^J> /'/^i^lMtlkHz, 8S4 
0 0nm(D7t^fflV^c o tf— A Jl* =*r ^ >"£i\ 100 
«<D*t«|U^XT*jfe5tb^i&fi4 0 0 nm(Dg^>^ 
i/-f*i8S:, jti«B«)3 7^tW:*3tjS#< ^ 

ir x ESft3 0 0 nm^«^$5FLl 9^=>7«PI:M 

[0 0 5 4] 4fcPIC**l="C% 2 0»M»!^>XT'« 
3tL/i4 00 n mCOiSS^a^/^^^ If 5fe 2 0 Srffl 
lr^J»Srlt*fci:C5, *B2 5 0 nmt'S$^«t 
9 k*^T$\lft$:nm-tZ> 7 m mi:?i5Rtt^^L2 1 
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[0 0 5 5] <HjffiW9 >->y *^7^lcyyu-^^^A 

«OiHJl^</^^— If** l 0 Of^feuyXTDt 
LTfiSStL/cir^^, £ft<0»22U:*teas£t^ 091: 
/Tt±9i:37tf»^<yK*ty7 p 2 2w*i:, £:flf& 

[0 0 5 6] L^t, JStfr^^jE^tr, f/^^!r2 0 

te*: ft i: 4 s r. £ frfrfri /Co ffttos^ft^&ss-T* 
[oo57] <hjsm i o i 3 (ommmm^. 

^^3tSr*^i- 5 - £ £>-C£ a^/u* u~ if 3S«gB 3 0 

3SBtf*-o*>ttHfc3 2rtt;:Bi££ftT^SS«*iKE3g 
|3 3^10{:/Tf o ;*t" — v?g|5 2 9 ilx v y, z <D 
&jjmz±0. l/zmW^StfiSlOOram/s 
^iSftT^KrTSo iS*^l-l 2 CO 30 

[0 0 5 8] Ogfls:i-@^$nTV^Sfc 

(7)n7»l:Sot, jEflfcKU— if tr-**:jfe3£i-3 r 

*&&O3te*o;M;i0. 0 5 d Btfc!) , miEfftttt 
^Xftik'mt^Kfrofro 

[0059] <^isct 1 1 >ii^ii 4<onm&m*. 

7 /i m<0=iraJ»2-e^:«SfiK^jg^;Stbfc. 

MO^pf^^^/U^— 3 4 Sr^-To Z<DV^^^ 

tw, m l 0OJE«f*«FjE3SH*fflv^-CJa»f*S:«jEi-S 
^-3 5 Sr^S^Co 

[0060] -tur^jaEfi*ag3 6^bttsst$nfc 1. 50 
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5 5 0—1. 5 5 8 /imtO. 8nm»ffl lii 

#ft^e>^HJ^*7t^-<^ h/UT"*"7>f If— 3 
*-L**se>u-1f3fe*HRStUfco KWt*ft=ttl&«« l 
4rl*)Ci:U 1 5 0 7x A h»(0/^^(S*»oi8S^ 
yU* if3t3Sr=»TgP5>^«ioTO. 1 mm/ s 
SUce aVu;*^,^— i*0. 7*zJ<fcLfc 0 

u~ if^KW^SttWi-^T-r^ i ^l-**^ hvu 
T 5 >f if- oft •{§■ * if 5fe <n > -y y * - \z y j - K 

[0061] *<D&m. &m$tf&t h 3&uftx-mmm 
&&t>>b\±ffij£<D&&<oyt$:mjj zitz z. t fro 

\tit>m<D%M$L<&k%7 T 4 '<-<Dl£&\tt«{ y 7 

»*iftatofc^6, o. ldB^m^ 
[0 0 6 2] <Hifc«i 2 >»#jSi eco^js^flg*. 

f/is (pmma) co^ry ^^3 8 ^t-^^^y 

J: *? hmmmfco. ooi*#4pmmar^*!i 

<h[e]^lri 507xA h#cou— tf3t*lRlC<J: 3 KBU* 

ITO. lmm/sT'lmraait /</^J.^/P^r 

-Ii0. 0 2 J i LfCo ^rgB^cosKy-^ 

0. 00 1t49, iJf*S*m5^i^o 

fro 

[0063] <mmm 1 3 >m 1 7 (ommwrn*. 
m*m^xmm-tz>o @i 31m 0. smmji^^y 

^>StS4 0±K®J^LfcJ¥£ 2 0 ^ m(7)>-y ioil^^ 

lffclGeO» * K-^bfcv-y *jf?XX5. 
5X5. 5/ira^»iS[B(037«tt*>5, 

ss^^^r-fc^o ^^*^^^>= i r^2(c|iiS0ij 
1 £ u-if * 3*20 m<Dtt%o 

xmyt, £L&-tz>zkx\ mmmi kmmizmmmzm 
jE-rz>zkfcx$fro ->y ^^mfofab 5 M mj^±. ± 

[0064] <hjspj 1 4 >ss 1 8 (Dnmnm*. 
m&m^xm.wi~z><> init mi 3ir^b^v-y 

>±^fiUR$nfcJ¥SW2 0 /£ mtotsytUf^xmfR* 
G e * K— ^U/c*>y t)<@5. 5 /i m 
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1. 5 4 0—1, 5 5 7 2^mt'0. 8n 

011 iRC*«=OU— !ffe«v\ HJgtfiJl 1X^:7 

[00 6 5] JB*r*<EH£jE««4 5 oWftBHQHRrfS 2 0 
U^X*fflV^4ri-C. »»Kffii:lRlC5. 5 /z mlcp 

[0 0 6 6] <HJSfi?iJl 5>IS*^1 9^HMJ8S:, 
u— {F # 9 * * -e*3K-r 5 r i: J: 9 «/* £ nfcjft* 

c co^&-e > y # #9 * *¥\z.tef$L £ ftfc#»«g&7 f '<>r 

kmrn^mmzn^tctzz, Geo t stk-xl/^v- 
y*#9*<D4fr&£ra«L mmm<DtiJE&'uoz.ttf*j 

[0067] <3as#ji 6>m*&2o<Dnmmm&. 

4iti:Geo l tK^tr»*snfc, g|{*r^g2 

d = 1/ (n - 2sin 4 5 6 ) = 

[0070] -t^-e. 0 1 7coTEl^^-r d(7)F^PgSr 7 
4 3nm{:^L 4 :^ffiil:8WSLSrfi5 0 0 n 
m««U: 0 ^LT2$tg£A^L/c<!: 
1. 5 5 0//m^A^CSL, 15°tf^l/-r^f 

#t£*L/t 0 SiBLfcl. 3 0 0 /z mC03§i§n*f4 1 %£A 
rtT-foofc 0 dCOR8PBS:6 2 3 nmlC-TSwi: 

"C, 1. 3 0 0 m mCDft£ 9 OEtft^it, #fl£L/*C7fc>g 

5%r*foo3t 0 

[0 0 7 1] il 8li 4 =3>S>E4 0 -kOC/U 
7*»BS4 1 4»iwG e.Ot K— ^**tfc*W*B^> = 
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0mm^3t*«»O=2T»»2**tf»fffiH"C*>5. 
TUftftS /xm^lw^^tlTV^o 03, 4T*^Lfc 
cfc?lr, jBS^/^u-- If 3 1?JB*f*S:tfiE-f-S«« 

2 0f^*f^uvXT*«*Ufc5tS:fi8ltb, u-if<D¥ 
#7^17*- £3 0 OraW^f) 1 0 0 mWK«ftS*ftiS 
10 0. lmm/stl OmmOS^^^tyifCe 

[0 0 6 8] ^co^m, 3TJgHSr^tf««<OStFf^ 
«jE$*u Hi 6lc^-TJ;9^. AttlMIli^rg^ 

8 «jELfe»flSl4SiKJ5 zz mt«^^7g 

4 7 <t Lfc®*f*«jEgB5>4lC, 3 7g^7 /im( ^3fe7 
r>f^-Sr«-&U e«o^fe8B3eLfcir*0. Id 

— «ttK*]Ei-sr tx\ mtez^T&^yt^T^ 

20 ;bri>ofc 0 

[0 0 6 9] <HJfi«|l 7>IS*^2 KDmtfcBm*. 

U*>!/*#7^i«4 1tliGeO t S:K-XLfc3t 
W«B^ = TSB^2 3»ST*ttK««Sn-C^5f f ^-< ^ 

#tj8T^L*: 1 kHTM 0 0 nm^@M/<^^ U~ If* 
2 0«^l/yXt*«7tttML^2 5 0 nm-C 
g£ 7 /zmWRttMM^ll 7 60TSBi-^LfcJ: 5 

30 fc 0 37fO$g^|j:A/n.^j:!), n!4^TCO®iFf^ 
"CI. 4 7 5, A^SiKSX, , X % 141. 5 5 0/i 
rati. 3 00/imtfc^ ^(7)^1. 5 5 0 zz mCO 
«*«tt*ls]«£i£Sfcfc^dtt5*; (2) Trlt^ix, 

= 7 4 3 nm (2) 

rwu 4 5° «v^fcs?L*«fiS;Lfco ^i<omm\* 

1. 5 5 0 zz m*S|l]*fSix5 J: 9f-^^L.fc 0 1. 5 5 
O/i rati. 3 0 0 zz m<7>3te£HSSB$-£fc£ 1. 
40 5 5 0 /i m<D%<n 1 0 =J TgP^^^b ±§15*^1(^0^ 

1 . 3 0 0m m(^7tl4 1 %l^T-*?o/c 0 
[0 0 7 2] <HSECT 1 8 >§S#*gl 2(7)||tScr)^figSr 
it'Mt^o 01 9lZ7f*l,fz& v^y=i>S«4 
0±(7)v/y**7^»R4 lt^GeOj ^ K— X£JX 
^^^B^rIT^2^^$tLrv^5^^KB7 :^ ^ 

50 7 7. 5 0^^^-tt/cio t^g, HifetfJ 1 £ (5* 
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=*T&ft\zmAzrLX, ^TWAnmrnrnzo. ooi 

[0 0 7 3] <HJ60tjl 9 >lf*^2 2<omi&<DMffi& 

B-euHH-t-5. 02 o^^Lfctpir, ->y 4 

xic. HJgfisJ i t li^^SM^Vw* u— V% 3 
^5BS^$^fcgB^<DJS*T^0. 0 0 4*fl;Lfc. r 

7)>bffi#t£;ft-5r. £ 755*5^0^0 ;«7^^l:^t' 
^-T^— KWftSr Att-TS C <hT\ ^-v^/MD^aS 

[0 0 7 4] <Hi£M2 0>»*«2 3CDHtg«>7£f§£ 

t £i*i£8g 5 3 W^-g-gB^Sr^tf^, tl< 

JIJSCtIJ 1 t m C*#T- u— if 3fc£KUN- L-ca^r*0iEgB 

[0075] <mm&i2 i >m*i%B 2 4(Dmm.(DMm 
fcH-emw-*-*. m2 2^^bfc«t ->y^>s« 

y h ternvKDms t \m lt^ 2 0 %e*nj*oi-4 c t 

<t T-II} C U— if Jfero^«t*#-Ct, 3 7T«B»tRa*t* 
[00 7 6] 

l&W<n%}&] J: 9. Htm&Vif^ 
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[01] »7-*fwJ:53t^SEK^W^<0 3 

[02] •> y 2) Jfy xis£&G e K — :/ Lfc -> y # # 
10 ^^d'^K^tyyt, ^g^l-felt-S^iClo 
[S3] u~ ifw«fttJBSf*05SCfl:-rs« 

[E14] ^Tfflmntyiy FUftz-SAstzmffimote 

[ii6] 3&.7tX'Mi&£i%itytm&&7*'<'( *<DTm<o 

[0 7] ie*«-fbl=J:5JB*f*05iijE. 

20 [0 8] mL\z£zmmm<D&iE 0 

[09] JIMaaeJ:**^— trv^— ©ttfp. 

[0io] u— K»^^-s?*s 
[011] *«iS9*>'W^«5aig36»!esrjefi^</i'^u 

— if * wRR4t/'« 9 ^ 7 -f - K'< y ^ $ -frfc 3t^K 
[012] ->y *^9^±K»j«Sixfc7Ky^-»HIB* 

30 [0 1 3] ->y ^^S«±J-Sa7K$tVfc->!J *^7*7^.* 
<DG e 7)5 K-^SttfcJtillSiKWarSB^OJBW**, 

[014] ^^raPH*S2 0 /im£iT<0 3Tg8^<7?«*f 
sp^r. iSS-'^u^ u— if^-efiS'JJ-^IELfcJt^K-r 
^. 

[015] gI/<7W U— ifr-HffiLfcTt^ggWar 

[016] =>TcoA!±i^gC^-tr^-/<-5:t9:itfc3tWiS 
40 2g-r /<-f ^„ 

[0 1 7] ^HFL(CJ;-5^U'-7 i 'f ^Sr/BlofcT^ig 

[0 1 8] Sfl,l:±5* r i/-f-fyy*ffli»fc±»gllt 

[El 1 9] a^^ffiSry/u<t*/<-^7^T-7 7 ;/ Mr 

\-x mvimzmiE-f zxitio 

[132 0] G e K— 7 , ¥ffi«jfi8Si3jSS/</U^. \^— J f% 
50 [02 l] ^KS^tSltt^^w^-g-tfcSrjeSxNVu^ 
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